qg.--A method is described for the measurement of the net absorption pressure of the capillaries at the level of the visceral pleura. This pressure was found to be about 15 mm Hg and due to the difference between the plasma colloid osmotic pressure and the hydrostatic pressure in the pulmonary capillaries; such a difference does not exist in the parietal pleura. The hydrostatic pressure of the pulmonary capillaries estimated by this method has the same value as that observed by cardiac catheterization.
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From the results and theoretical considerations it appears that the negative intrapleural pressure is the result of the net absorption pressure of the visceral pleura. This force is higher than the elastic retraction force of the lung and therefore it holds the visceral and the parietal pleura together. The latter, with experiments performed on perfused hindlegs of dogs, suggested that the fluid exchange between the capillaries and the interstitial tissue is determined by the difference between hydrostatic pressures on each side of the capillary membranes, by the difference between the colloid osmotic pressure of the plasma proteins and that of the interstitial &id and by the physical properties of the capillary membrane, which has the characteristic of an ultrafilter.
Quantitative data in support of Starling's hypothesis were provided by Landis (3) , who measured hydrostatic pressure and liquid flow directly in a capillary of the frog mesentery. membrane and demonstrated the relations between these quantities.
As is known from the experiments of Starling (2) protein-free fluids are absorbed by the serous membranes especially through blood capillaries, whereas lymphatic vessels are mainly devoted to the absorption of colloids and particles. It seemed of interest to know the pressure-of absorption of fluid in the pleural cavity because in the capillaries of the visceral pleura, that are mainly supplied by the pulmonary artery (5), the hydrostatic pressure has a particular low value (ca. 17 mm Hg should therefore be present at the level of the visceral pleura and tha t pressure could account for the negative intrapleural pressure (6). More recently Pappenheimer and Soto-Rivera In order to determine whether or not the (4) measured with accuracy in isolated pernegative intrapleural pressure could result by fused hindlegs of cats and dogs the mean capilthe absorption of fluid through the capillaries lary pressure, the colloid osmotic pressure, the of the visceral pleura the following series of net rate of fluid transfer across the capillary experiments was undertaken with a method
The experiments were performed on dogs, varying in weight from I 2 to 2 I kg, anesthetized with Dial (60 mg,/kg body weight intravenously).
The thorax was opened at the level of the fifth and sixth right intercostal spaces and part of the sixth rib was removed. The respiration was maintained by a Starling pump, the expiratory resistance was kept constant in order to avoid a too rapid collapse of the lung. The pressure inside the trachea, recorded continuously, was ca. 12 mm Hg during inspiration and ca. 6 mm Hg during expiration. With these pressures the middle right pulmonary lobe was pushed to the outside through the opening on the chest wall. The alveolar pressure was determined by the method of Vuilleumier (7) : this method is based on the fact that the alveolar pressure is eaual to is no gas the intratracheal pressure when there flow in the airways. Therefore the gas flow was interrupted by closing at the point A of figure 2 for a few seconds during which the intratracheal pressure (equal to the alveolar pressure) was measured with a water manometer. Generally the middle pulmonary lobe was used, but some experiments were performed on the text. UPPer the inferior lobe; in these cases the seventh rib was removed.
In the measurement of the net absorption pressure at the level of the visceral pleura the Hepp apparatus for determination of colloid osmotic pressure (8) was modified to suit the experimental conditions. The Hepp apparatus is essentially a chamber containing on the bottom a thin layer of solvent separated from the solution by a semipermeable membrane. The variations in volume of the thin layer of solvent are measured in a glass capillary communicating with the bottom of the chamber. With it the colloid osmotic pressure of a mixture can be measured by determining the negative pressure that must be applied to the solvent to stop the transfer of fluid to the solution. The two principal problems to be solved were: a) to fit the apparatus to the visceral pleura in a water and air tight manner without producing alterations in the capillary circulation; b) to reduce, as far as possible, the displacements of the visceral pleura for, as Meschia (9) demonstrated, the rigidity of the semipermeable membrane is a necessary condition to obtain exact measurements with rapidity. In figure I the apparatus set up for this purpose is sketched; it consists of a Lucite disk (A), 45 mm in diameter and IO mm thick. At one side of the disk there is a central cavity, 25 mm in diameter and 2 mm deep, containing isotonic saline. In order to avoid the displacement of the pleura, it is supported by a diaphragm of Lucite (B) slightly convexed on one side and perforated by holes, I mm in diameter and spaced I mm apart. The diaphragm fits the central cavity that communicates with the glass capillary (C) (internal bore 0.5 mm), on which it is possible to read the volume changes of the saline due to the absorption by the visceral pleura. In order to keep the measuring chamber adherent to the visceral pleura a circular channel (D) was routed in the wall of the disk. This channel was connected, through the tubes (V), to a tank (F) (about 25 1. capacity) in which the pressure was below atmospheric. The large capacity of the tank F assured that the negative pressure in D was constant during all the experiments. The communication between the annular cavity (E), where the tubes I' were connected, and the channel D was obtained through a large number of holes (I mm in diameter). In central cavity. In order to prevent air remainBefore being used in vivo the apparatus ing between the pleura surface and the didescribed was tested in vitro, with a cellophane aphragm B, during the application of the membrane, by measuring the colloid osmotic apparatus to the pulmonary lobe, the following pressure of hemoglobin solutions of different procedure was adopted. The dog was placed in concentrations.
such a position that the apparatus could be The pressure at which the saline was abapplied from below upward. Before its applicasorbed through the visceral pleura was meastion to the pleura the ring of Lucite (I), fitted ured by applying at the capillary C, and therearound A, contained a layer of saline over the fore at the central cavity, a negative pressure disk A. During the application of the apsufficient to stop the transfer of saline through paratus from below upward the ring slipped the visceral pleura. In these experimental condown and the saline contained by it overditions the value of this reduction in pressure flowed, preventing air from remaining between must be equal and contrary to the pressure the pleura and the central cavity of the disk. determining the absorption of saline. a) A 0.9% NaCl solution was regularly absorbed by the visceral pleura; if a solution having a colloid osmotic pressure above that of the plasma, i.e. a 14% hemoglobin solution, was put in the apparatus described, fluid came out from the visceral pleura.
b) The isotonic saline was absorbed by a pressure having a mean of 7.6 mm Hg (GOI. z of the table).
c) The mean value of plasma colloid osmotic pressure, was 22.6 mm Hg (exp. 7-12 of the 
had earlier observed an increase in the pulmowhere ri indicates the colloid osmotic pressure nary artery pressure after increasing PA. It is of the pleural liquid. Since ri in the interstitial very likely that PC should be higher by a fluid is probably about 2 mm Hg (4), one can constant value for PA and therefore that deduce from the mean values of the table that Pt,,l be constant between certain limits; there-F, at the level of the visceral pleura in phy&-fore the most reliable value of PC, that in logical conditions, is about 13 mm Hg. physiological conditions is equal to Ptpul, can The above results lead to some considerbe calculated as follows:
ations upon the physiological entity of the ology of fluid exchanges in the pleural cavity. ology of fluid exchanges in the pleural cavity. The negative intrapleural pressure is deterThe negative intrapleural pressure is determined on one side by the absorption pressure mined on one side by the absorption pressure of the visceral pleura (about 13. mm Hg) and of the visceral pleura (about 13. mm Hg) and on the other by the absorption pressure of the on the other by the absorption pressure of the parietal pleura, whose capillaries are supplied parietal pleura, whose capillaries are supplied by the systemic circulation.
At the level of the by the systemic circulation.
At the level of the parietal pleura capillaries the colloid osmotic parietal pleura capillaries the colloid osmotic pressure of the plasma approximately balances pressure of the plasma approximately balances the hydrostatic pressure. Determinations of the the hydrostatic pressure. Determinations of the net absorption pressure at the level of the net absorption pressure at the level of the diaphragmatic pleura gave values near to zero diaphragmatic pleura gave values near to zero and by applying to the measuring apparatus a and by applying to the measuring apparatus a depression of only 4-c mm Hg, fluid came out depression of only 4-c mm Hg, fluid came out from the pleura. In L physiological conditions from the pleura. In L physiological conditions therefore the fluid should be ultrafiltered from therefore the fluid should be ultrafiltered from the capillaries of the parietal pleura and abthe capillaries of the parietal pleura and absorbed by those of the visceral pleura. At sorbed by those of the visceral pleura. At equilibrium the pressure existing in the pleural equilibrium the pressure existing in the pleural cavity will depend upon the entity of the fluid cavity will depend upon the entity of the fluid transfers at the level of the pleura supplied by transfers at the level of the pleura supplied by the pulmonary circulation (visceral) and those the pulmonary circulation (visceral) and those at the level of the pleura supplied by the sysat the level of the pleura supplied by the systemic circulation (parietal) . If the first transfer temic circulation (parietal) . If the first transfer prevails over the latter the intrapleural negaprevails over the latter the intrapleural negative pressure will tend to the value of about tive pressure will tend to the value of about 13 mm Hg, while if the fluid transfers through 13 mm Hg, while if the fluid transfers through the parietal pleura are larger than the other, the the parietal pleura are larger than the other, the intrapleural negative pressure will tend to intrapleural negative pressure will tend to zero. Since the visceral pleura has a larger zero. Since the visceral pleura has a larger surface than the parietal one and is more surface than the parietal one and is more vascularized (s), the visceral pleura will be vascularized (s), the visceral pleura will be much more important in regulating the volume much more important in regulating the volume and the pressure of the pleural fluid and thereand the pressure of the pleural fluid and therefore the negative intrapleural pressure should fore the negative intrapleural pressure should be near to the value of 13 mm Hg. Moreover, be near to the value of 13 mm Hg. Moreover, it is evident that the intrapleural negative it is evident that the intrapleural negative pressure, pressure, resulting from this dynamic equiresulting from this dynamic equilibrium, must be higher than the elastic relibrium, must be higher than the elastic recoiling force of the lung ; in fact, if the elastic coiling force of the lung ; in fact, if the elastic force were the greater, fluid should enter the force were the greater, fluid should enter the pleural cavity until, after the collapse of the pleural cavity until, after the collapse of the lung and the consequent decrease of the elastic lung and the consequent decrease of the elastic retraction force, a new equilibrium will be retraction force, a new equilibrium will be
reached. An experimental demonstration that the intrapleural negative pressure is higher than the elastic recoiling force of the lung is given in a previous paper (6) and by the fact that saline introduced into the pleural cavity is absorbed against the negative pressure caused by the elastic force of the lung. The latter negative pressure, at a mid-respiratory volume, is about 6 mm Hg; this is the minimum value to which the negative pressure due to the fluid exchanges can drop without resulting in pleural effusion. Therefore the intrapleural negative pressure in the dog in physiological conditions must have a certain value between 6 mm Hg (elastic recoiling pressure of the lung) and 13 mm Hg (net absorption pressure of the capillaries of the visceral pleura). It is reasonable to assume that the net absorption pressure of the capillaries of the visceral pleura is the force that holds the visceral and the parietal pleural layers together. Indeed the adhesive and cohesive forces, with which usually the adhesion of the lungs to the inner chest wall is explained, could act only on impermeable membranes but not on highly permeable membranes like the pleural ones.
